Objective. To evaluate the analgesic e ect of a dorsal root ganglion (DRG) stimulation technology utilizing high-frequency pulse rates to treat intractable chronic back and leg pain. Methods. is case study presents the outcomes, with a novel, wireless, minimally invasive miniature neurostimulator system in a case of chronic back pain. e subject was implanted bilaterally with a Freedom 4A quadripolar electrode array at the L2 dorsal root ganglion. Stimulation was applied using 10 kHz pulse rate and 30 μs pulse width. A VAS pain-rating scale, Oswestry Disability Index (ODI), EQ-5D-5L Quality of Life Questionnaire 5 dimensions, and Patients' Global Impression of Change (PGIC) scale were evaluated at 12 weeks and 6 months post implantation. Results. VAS pain scores for back pain reduced from 91 to 31 mms and 80 to 35 mms for leg pain. Additionally, while stimulation remained paresthesia-free, there were a marked decrease in pain medications and an increase in quality of life. Also, an increase in functionality from crippled to moderate was reported. ere were no adverse reactions related to the procedure or device. Conclusion. e minimally invasive, wireless approach to deliver high-frequency, paresthesia-free DRG stimulation for treatment of chronic back and leg pain associated with FBSS was e ective and encouraging.
Introduction
Spinal cord stimulation (SCS) is a well-established therapy for FBSS and is widely accepted in terms of safety and e cacy [1] [2] [3] . ough studies have established the cost-e ectiveness of SCS for FBSS, SCS has certain limitations, and only 50% of patients are able to report long-term success [4] [5] [6] . Reasons for inferior outcomes include device migration, ine ective stimulation parameters, device failure, and positional changes of the hardware. Positional changes can result in alterations of paresthesia distribution.
e relative distance between the electrodes and spinal cord tracts can be di erent in certain positions (seated or lying down) due to the bulk of the battery or extensive wiring involved in an SCS operating system [2, 7] .
ese side e ects may not be easily seen in the placement and/or displacement of the battery or electrodes.
Alternative techniques of stimulation and their targets are recommended to provide a better and more stable relief to intractable pain syndromes. e DRG is a cluster of cells inside the dura that transmits sensory information, including nociceptive signals, to the dorsal columns of the spinal cord. Studies have implicated the role of the DRG in the development and maintenance of chronic pain perception with demonstration of changes in cell membrane and gene expression [8, 9] .
In cases not suitable for SCS, stimulation of the DRG may prove to be an important alternative.
e bony encasement of the target and its stable anatomical position can mitigate issues, such as lead migration.
e anatomical location of the DRG o ers a closer proximity to the electrodes compared to the spinal cord and its dorsal columns.
us, the stimulation parameters are expected to be more tolerable and lower in power consumption [10] . e wireless neurostimulation system presented in this report is aptly suited for overcoming the di culties of the SCS while pro ting from the bene ts of DRG stimulation.
Materials and Methods
is is a case illustration of a patient with intractable chronic back pain following spine surgery.
Case Report.
is subject had a tra c accident resulting in traumatic disc herniation at L5 and S1. A microdiscectomy was performed at L5 and S1. However, postoperative residual back pain remained, along with neuropathic pain on the right side along L5 dermatome distribution. As a result, an anterior lumbar interbody fusion was performed at L5 and S1, 6 months later. Nevertheless, the subject continued to have invalidating lumbar pain and persisting neuropathic pain along L5 dermatome on the right side. Interventional pain management was o ered, as medical management (with tramadol HCl and paracetamol) failed to provide signi cant relief. Pulsed radiofrequency treatment followed by ablation of the facet joint did not provide relief. At this point, bilateral placement of DRG electrodes at L2 was o ered.
Device Description.
Refer to our earlier publication regarding the device [11] . e patient was implanted with two Freedom 4A electrode arrays, each array containing four contacts, at the L2 dorsal root ganglion under uoroscopic guidance. e stimulator system utilizes an implantable passive electrode contact array, microprocessor receiver, and antenna embedded within the electrode wire that couples to an external transmitting antenna and external pulse generator (EPG) (Figures 1 and 2 ). e external transmitters (Figure 3 ) are worn by the patient over a single layer of clothing and are used to transmit power to the stimulator. e EPG is programmed by the clinician for the required stimulation parameters.
e system uses 915 MHz radiofrequency energy for the transmission, and the distance between the implant and antenna remains short and the energy was relatively low. Wavelengths and product speci cations have been designed to decrease risk related to the wireless transmission of energy [12] and reliably transfer the clinician's desired stimulation parameters with a wide available spectrum (amplitude: 1-24 mA; pulse width: 1-1000 microsec; frequency: 1-10,000 Hz).
Surgical Procedure.
Under strict aseptic precautions, the skin and subcutaneous tissues were in ltrated with local 1% lidocaine. A small skin incision was made for needle insertion, which was shaped by hand to match the contour to achieve appropriate electrode placement. Insertion of the lead was performed transverse and translaminar through 14 G Tuohy needle at L2 exiting nerve roots, coming from the cephalad end. Biplanar uoroscopic images were used to monitor electrode positioning (Figures 4 and 5 ). e device was anchored via a subdermal suture located at the skin entry point. Distal tubing cut at the insertion point was buried subcutaneously, and the skin incision was closed.
Stimulation Protocol.
Stimulation parameters were set at pulse widths of 30 microseconds and frequency of 10 kHz with intensity set between 1.5 and 2.5 mA for bilateral stimulation (both devices activated at the same time) with bipolar electrode selection, closest to the dorsal root ganglion. ( is is not to be confused with the device communication frequency between the external generator and 
Results
A VAS pain-rating scale, Oswestry Disability Index (ODI), EQ-5D-5L Quality of Life Questionnaire, and Patients' Global Impression scale (PGIC) were administered at 3, 5, 8, 12 weeks, and 6 months post implantation. After the procedure, clinical response ensued in the form of 66% improvement for back pain and 56% for leg pain at 6-month follow-up as measured with VAS.
ere was a steady and progressive improvement of gait and posture. Functionality (ODI) improved with 61% from crippled to moderate disability. e patient reported a de nite improvement on the PGIC (6 out 7) and an important increase in quality of life with the EQ-5D-5L (Table 1) . Pain medication was reduced to tramadol HCl 37.5 mg twice daily.
Discussion
High-frequency stimulation at the DRG was e ective in the treatment of pain associated with FBSS and for pain localized to the back and lower extremities. PROCESS reported that 50-60% of FBSS subjects achieved 50% or better leg pain relief through six months of SCS therapy [4, 13] . DRG stimulation seems to be better in terms of anatomical stability with lead migration of 3% (2 leads out of 67) [12] , well below the 13.2% rate of migration for SCS with percutaneous leads placed over the dorsal columns, reported in a literature review of 51 studies [2] , and 23% in a prospective study [14] .
Strong supporters for DRG stimulation include its anatomical location that mitigates positional or postural inuences on the device as well as the patient. ere is also positive ability in the target region to induce stimulation coverage for those areas, which SCS would not be able to reach, for example, toes and foot [15, 16] . Additionally, the stimulation parameters require a lower demand in energy consumption. In the present case illustration, we demonstrate the analgesic e ect of high-frequency DRG stimulation, applying our minimally invasive placement of stimulation electrodes and wireless neuromodulation. is also supports and expands the number of indications for the treatment of other chronic pain conditions. ere is no hardware and thus no complications related to its components. Percutaneous electrode placement devoid of any implanted pulse generator or the long connective wires can be advantageous to both patients and surgeons. ey do not only add to comfort and cosmetics but also reduce costs, operating time, and postoperative pain, thus minimizing adverse events while achieving the desired pain control [17] .
Larger prospective studies are required to further our knowledge about the wireless neuromodulation technology that has yielded promising results, thus far. We are in the process of evaluating the technology in other related areas of pain management also.
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